Abstract: Synthesis of 2-(1H-1,2,4-triazol-1-yl)quinolines by the reaction of 2-chloroquinolines with 1,2,4-triazole was studied under neutral, acidic and basic reaction conditions. Significant role of the acid and base catalysis as well as substituent effects on the reactivity of 2-chloroquinolines in these reactions are reported. As a result of this study one can choose the best reaction conditions for the preparation of the title compounds according to the substituents on the quinoline ring.
INTRODUCTION
In the first paper of this series (1) a brief summary of the background and aim of our study has been given and the results related to the 4-chlorquinolines have been reported. In this paperthe results concerning the nucleophilic substitution reaction of 2-chloroquinolines with 1,2,4-triazole are reported.
RESULTS AND DISCUSSION
There are some well known differences in behaviour of 2-chloro-and 4-chloroquinoline in nucleophilic substitution reactions. The two major ones are that 2-chloroquinoline has less tendency to show acid catalytic or autocatalytic effect when treated with amines (2,3), but shows higher reactivity toward methoxide ions (2) than 4-chloroquinoline.The same general methods were used as in our previous work (1) in order to establish the main characteristic features of the reaction of 2-chloroquinolines with 1,2,4-triazole, and to reveal similarities and differences between 4-chloroand 2-chloro-quinolines in this reaction with special regard to the role of acid and base catalysis and effect of the substituents on the reactivity. Accordingly, 2-chloroquinolines were reacted with 1,2,4-triazole (method A), or with 1,2,4-triazole in the presence of hydrochloric acid (method B), or with sodium salt of 1,2,4-triazole (method C). The substituents of the 2-chloroquinolines investigated herein were chosen with sufficiently different electronic character ranging from the electron-releasing to strong electron-withdrawing groups to illustrate their large effect on the reactivity. The reactions were carried out in dimethylformamide solution at a temperature chosen in accordance with the reactivity of the substrate, and the progress of the reactions was monitored by tic generally until all the starting 2-chloroquinoline derivative had been consumed. The reaction time and the temperature data together with the product yields are gathered in In case of acid catalytic (method B) and autocatalytic (method A) conditions the rate constants could not be determined because the reaction follows a complex kinetic due to increase of hydrochloric acid concentration as the reaction proceeds. Consequently, the reactivity of differently substituted 2-chloroquinolines in these conditions may be characterized only qualitatively by comparison of the reaction time data required to the consumption of the starting 2-chloroquinoline at the same temperature.
In case of method C, when 2-chloroquinolines were treated with the sodium salt of 1,2,4-triazole, the absence of the autocatalytic effect provided an opportunity for the determination of the rate constants. It was carried out by gc determination of the 2-chloroquinoline concentration during the reaction. As expected (4), the reaction follows a second order kinetic because the second order diagrams were found to be linear in the investigated ranges ( Figure 1 ) and the rate constants independent of the initial reactant concentrations. The second-order rate constants (Table 1) are useful for precise characterization of the reactivity of 2-chloroquinolines toward triazole anion.
Nucleopliilic Substitution Reaction ofChloroquinoHnes
From the data shown in Table 1 some interesting conclusions can be drawn regarding the characteristic features of the reaction of 2-chloroquinolines with 1,2,4-triazole both in neutral or acidic and in basic conditions. First of all, comparing the reaction time and temperature data for 2-chloroquinoline and 4-chloroquinoline (data were given in the previous paper) (1), it can be seen that the former has a lower reactivity toward 1,2,4-triazole than the latter both in autocatalytic (method A) and in acid catalytic (method B) conditions. On the contrary, 2-chloroquinoline shows higher reactivity toward triazole anion than its 4-chloro isomer. These differences in the reactivity are consistent with the earlier observations (2, 3) and can be attributed to their structural differences. Due to the much stronger base-weakening effect of chlorine in the 2-position than in the 4-position, 2-chloroquinoline is a much weaker base (5) and hence shoud have lower reactivity under acid catalytic or autocatalytic conditions than its 4-chloro isomer. On the other hand, owing to the adjacent nitrogen atom, the reacting carbon centre in 2-chloroquinoline should have a higher electron deficiency than in 4-chloroquinoline, and this difference can account for the higher reactivity of the former toward triazole anion. Although, basicity data are not available, it seems to be probable that CN and CCI 3 groups at 3-and 4-positions do not lower the basicity of 2-chloroquinoline in such an extent than 2-CCI 3 group of 4-chloroquinoline (1).
From the data related to autocatalytic (method A) or acid catalytic (method B) conditions no simple relationship can be set up between the known electronic properties and the observed activating effect of the substituents investigated because they exert their effect on the reactivity in two opposite ways. Electron-withdrawing groups, though, increase the electron deficincy at the reacting carbon centre so that they should enhance the reactivity, but at the same time they lower the basicity and hence the concentration of the reactive quinolinium ion, decreasing hereby the rate of the reaction. Electron-releasing groups exert the opposite effects. The opposing factors nearly balance each other, so it is possible that 2-chloroquinolines having so widely different substituents such as CH 3 CI, CH 3 0, F, N0 2 at 6-position or CH 3 and CCI 3 at 4-position show nearly the same reactivity in method A or in method B.
In addition to the electronic effect of the substituents their steric effects also influence the reactivity. Thus, steric hindrance can be partly accounted for the decrease in reactivity when introducing a more bulky (Et, Ph) group instead of methyl to the 3-position. Then again, the well known effect of steric inhibition of solvation (6,1) should be responsible for the much lower reactivity of 2-chloro-6,8-dimethylquinoline than its 6-methyl isomer.
In case of method C the reactivity of differently substituted 2-chloroquinolines can be precisely characterised using the rate constants (Table 1 ) and the effects of the substituents on the reactivity can be interpreted on the basis of electronic theory of substituent effects in aromatic systems. Alkyl and methoxy groups at all the positions investigated decrease the reactivity because of their electron-releasing property. Conversely, electron-withdrawing groups (CI, F, N0 2 , CN, CCI 3 ) facilitate the reaction by means of increasing the electron deficiency at the site of displacement. For quantitative treatments we investigated the correlation of the reactivity data (log k) at 100 °C for 6-and 7-substituted 2-chloroquinolines with the known (7) Hammett's σ parameters (Figure 2 ). For the substituents at 7-position the correlation was found to be much better with o m than with σ ρ , but the log k data for the 6-substituted 2-chloroquinolines correlate well only with the σ ρ parameters. This result is in a good agreement with the earlier observations concerning the substituent effects in the methoxy-dechlorination reaction of 2-chloroquinolines where 6-position was found to be "conjugative" contrarily to the "non-conjugative" 7-position (5). To summarize our observations with respect to preparative efficacy of the three general methods described here, we can say that acid catalysis is generally effective in case of wide variety of substituents investigated, but 2-chloroquinoiines having strong electron-withdrawing substituents react usually faster and give better yields when treated with the sodium salt of 1,2,4-triazole. As a result of our investigation one can choose the best reaction conditions for the preparation of the title products according to the substituent(s) on the quinoline ring. 
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Materials: 1H-1,2,4-triazole was purchased from Fluka Chemie AG; 2-chloroquinoline derivatives were prepared according to previously described procedures:la (8), lb (9), lc-p (10, 11), It (12), Is (13) . Preparation of 1,2,4-triazole hydrochloride and sodium salt of 1,2,4-triazole was described in our previous paper (1). Table 1 . The reaction mixture was worked up by pouring into water (50 ml) and neutralization with aqueous sodium hydroxide solution (method A and B) or hydrochloric acid solution (method C).
Preparation of 2-(1H
The precipitated product was collected, washed with water and dried. The crude product was recrystallized from the solvent or solvent mixture given in Table 1 .
Kinetic experiments -The corresponding 2-chloroquinoline derivative (1) (0.01 mol) was dissolved in dimethylformamide (20 ml) and 1.0 g of N-methylformanilide (internal standard) was added to this solution. The mixture was immersed into a constant temperature bath regulated by a thermostat, and the internal temperature was adjusted to the desired value (Table 1 ). Sodium salt of 1,2,4-triazole (1.82 g, 0.02 mol) was then added and The second order rate constants were determined from the plots log(Y/X) vs. time by the method of least squares ( Figure 1 ) and are given in Table 1 . 
